Drugs which belong to class II of the biopharmaceutical classification system (BCS) are characterised by high membrane permeability, slow dissolution rate (due to low aqueous solubility) and high peroral dose.\[[@ref1]\] The solubility or dissolution rate of a drug in this category is therefore, a key-factor in determining the rate and extent of its absorption. Enhancement of the dissolution rate is vital to attain a suitable blood concentration for therapeutic effect, as their dissolution rates are typically the rate limiting step for bioavailability. Cefuroxime axetil (CA) is an established broad spectrum β-lactamase stable cephalosporin with poor water solubility. It is used orally for the treatment of mild to moderate respiratory tract infections, acute bacterial otitis, pharyngitis, tonsillitis, mild to moderate uncomplicated skin infections and uncomplicated urinary tract infections.\[[@ref2]\]

Several technological methods have been reported for improvement of solubility and dissolution rate of poorly water-soluble drugs, namely (a) reducing particle size to increase surface area; (b) solubilisation in surfactant systems; (c) formation of water-soluble complexes; (d) use of pro-drug and drug derivatisation approach such as strong electrolyte salt forms that usually have higher dissolution rates; (e) manipulation of the solid state of the drug substance to improve drug dissolution, i.e. by decreasing crystallinity of the drug substance through formation of solid dispersions (SDs).\[[@ref3]\] SD can be defined as distribution of active ingredient/s in molecular, amorphous and/or crystalline forms surrounded by an inert carrier. The solid state characteristics of SDs have been extensively studied and reported.\[[@ref4][@ref5]\] Formulation of poorly water-soluble drugs as SDs leads to a marked improvement in their dissolution rates and is often accompanied by an increase in their relative bioavailabilities.\[[@ref6][@ref7]\]

Poloxamers are polyoxyethylene-polypropylene block copolymer nonionic surfactants that have been widely used as wetting and solubilising agents and surface adsorption excipients.\[[@ref8][@ref9]\] Poloxamer consists of hydrophilic corona ethylene oxide and hydrophobic core (polypropylene oxide) blocks arranged in a triblock structure resulting in an amphiphilic copolymer. Their low melting point (about 56-57°) renders them suitable for melt granulation technique. For drug delivery purposes, hydrophobic drugs may be solubilised within the core of micelle or conjugated to the micelle-forming poloxamer.\[[@ref10]\] SDs of many poorly water-soluble drugs by incorporating them into poloxamer have been considered as an effective method for improving drug dissolution rate and their saturation solubility in the gastrointestinal fluids. For some drugs, the improvement in solubility using poloxamer is higher compared to the other meltable polymers such as polyethylene glycol or complex-forming agents such as cyclodextrins.\[[@ref11]\]

Although, poloxamer 188 based SDs greatly enhance the dissolution rate of poorly water-soluble drugs, but they have some disadvantages such as poor flow.\[[@ref12]\] This may be a problem in development of tablet or capsule dosage forms and scale-up. In order to overcome these problems, an inert material with good flow and compressibility may be used to adsorb the dispersion on its surface. Neusilin US2 is a synthetic, amorphous form of magnesium aluminometasilicate. It is a multifunctional excipient that can be used in both direct compression and wet granulation of solid dosage forms. It has good flow and compressibility properties with an angle of repose of 30° and a compressibility index of 21%. It has a high specific surface area (300 m^2^/g) and a high adsorption capacity (3.2 ml/g) making it a good material for adsorption of a high proportion of drug. It makes hard tablets at low compression force and in addition low concentrations can improve the hardness of other filler and binder excipients.\[[@ref13]\] The presence of silanols on its surface makes it a potential proton donor as well as a proton acceptor. The hydrogen bonding potential of silanols is well-documented.\[[@ref14]\] Hydrogen bonding between silanols and drug as well as interaction between the drug and metal ions on the surface of Neusilin US2 were suggested stabilising mechanisms of indomethacin in its amorphous state.\[[@ref15]\]

Hence, the primary objective of the present research work is to improve the solubility and dissolution rate of CA by melt dispersion granulation employing poloxamer 188 as a meltable hydrophilic carrier. The secondary objective is to convert the melt dispersion in to free flowable SDs by surface adsorption technique using Neusilin US2.

MATERIALS AND METHODS {#sec1-1}
=====================

The CA was a generous gift sample from Aurobindo Pharma Ltd, Hyderabad, India. Neusilin US2 was a gift sample from Gangwal Chemicals Ltd, Mumbai, India. Poloxamer 188 was purchased from Sigma Aldrich, Bangalore, India. All other chemicals and reagents used were of analytical grade.

Preparation of physical mixture: {#sec2-1}
--------------------------------

Initially drug and excipients were passed through mesh \#60. First physical mixture (PM1) was prepared by grinding CA and poloxamer 188 in a mortar in the ratio of 1:3. Second physical mixture (PM2) was prepared by grinding CA, poloxamer 188 and Neusilin US2 in the ratio of 1:3:1.5.

Preparation of solid dispersions by fusion method: {#sec2-2}
--------------------------------------------------

SDs (F1-F6) of CA was prepared by fusion method (FM). Poloxamer 188 was melted at 60°. CA was added to the molten polymer, which was then mixed well and cooled to room temperature to obtain the solid mass. The solidified masses were crushed, pulverised and passed through mesh \#40. The resulting SDs was stored in desiccators. The compositions of SDs are shown in [Table 1](#T1){ref-type="table"}.
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COMPOSITION AND SOLUBILITY DATA OF CEFUROXIME AXETIL SOLID DISPERSIONS CONTAINING DIFFERENT RATIOS OF CEFUROXIME AXETIL, POLOXAMER 188 AND NEUSILIN US2
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Preparation of SDs by fusion and surface adsorption method: {#sec2-3}
-----------------------------------------------------------

SDs (F7-F10) were prepared using fusion and surface adsorption method (FSAM). CA (mesh 60) was added to the melt of poloxamer 188, maintaining a temperature of 60° to obtain a clear molten mixture. Neusilin US2 (mesh no. \#60) was preheated to 80° in the china disc for 15 min with mixing. The molten mixture was then added drop-wise over a period of 2 min to Neusilin US2 with continued mixing. Mixing was performed for 15 min to obtain the ternary SD of CA, poloxamer 188 and Neusilin US2. The SDs was allowed to cool to room temperature by air-cooling followed by sieving through mesh \#40. The resulting SDs was stored in desiccators. The compositions of SDs are shown in [Table 1](#T1){ref-type="table"}.

Fourier transform-infrared spectra spectroscopy study: {#sec2-4}
------------------------------------------------------

Fourier transform-infrared (FT-IR) spectra scans of selected CA, SDs prepared by FM (F6) and FSAM (F8) were performed on IR afiinity-1, (Shimadzu, Japan) using KBr discs. The instrument was operated under dry air purge and the scans were collected at a scanning speed of 2 mm/sec with resolution of 4 cm^-1^ over the region 4000-400 cm^-1^.

Differential scanning calorimetry {#sec2-5}
---------------------------------

The differential scanning calorimetry (DSC) measurements were performed on a DSC-60 (Shimadzu, Japan) with thermal analyser. All accurately weighed samples were placed in sealed aluminium pans before heating under nitrogen flow (20 ml/min) at a scanning rate of 10°/min from 25 to 250°. An empty aluminium pan was used as reference. DSC measurements were performed for CA, poloxamer 188, F6 and F8 to study drug polymer interaction.

Phase solubility studies: {#sec2-6}
-------------------------

Phase solubility determinations were performed as per standard method.\[[@ref16]\] An excess amount of CA was placed in a screw-cap glass vial to which 20 ml of distilled water containing various concentrations (0, 0.25, 0.5, 0.75 and 1%) of poloxamer 188 was added ([Table 2](#T2){ref-type="table"}). The samples were shaken at 37±0.5° for 72 h on a mini rotary shaker 12R DX (Remi, India). After 72 h the samples were filtered through a 0.45 μm membrane filter (Auroco, Thailand). The filtrate was diluted suitably and analysed spectrophotometrically at 280 nm using UV/Vis spectrophotometer UV-1800 (Shimadzu, Japan).

###### 

EFFECT OF POLOXAMER 188 CONCENTRATION AND GIBB'S FREE ENERGY ON CEFUROXIME AXETIL SOLUBILITY
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The value of the apparent stability constant, Ks, for CA-poloxamer 188 combinations was computed from phase-solubility profiles, as described by Ks=Slope/\[intercept (1-slope)\]...(1)

The Gibb's free energy of transfer (Δ*G*^0^~tr~) of CA from distilled water to solutions of carrier was calculated as Δ*G*^0^~tr~=-2.303RT \[log (S~0~/S~s~)\]...(2) Where, S~0~/S~s~ is the ratio of the molar solubility of CA in distilled water of poloxamer 188 to that in the same medium without poloxamer 188.

Drug content: {#sec2-7}
-------------

PMs and SDs equivalent to 10 mg of CA were weighed accurately and dissolved in suitable quantity of simulated gastric fluid (SGF) without enzyme, sonicated for 10 min and filtered. The filtrate was suitably diluted and drug content was analysed at 280 nm spectrophotometrically.

Solubility measurement of SDs: {#sec2-8}
------------------------------

Solubility of CA, PM and SDs were determined.\[[@ref17]\] An excess amount of CA, PMs and SDs were added to 20 ml of freshly prepared SGF without enzyme in clean vials with continuous shaking on a mini rotary shaker-12R-DX at 25±0.5° for 24 h to achieve equilibrium. The filtered solutions were suitably diluted and analysed spectrophotometrically.

Flowability and compressibility and Kawakita analysis: {#sec2-9}
------------------------------------------------------

CA, PMs and SDs were subjected to measurement of angle of repose, Carr's Index and Hausner's ratio were determined as per standard procedure.\[[@ref18]\] Flowability was determined using the Kawakita analysis.\[[@ref19]\] The CA, PM and SDs (10 g) was poured into a 50 ml glass measuring cylinder, the heap of the particles in the cylinder was levelled off horizontally with a thin metallic spatula, and the bulk volume, Vo, was accurately measured. The cylinder was then tapped using digital tap density tester ETD-1020 (Electrolab, Mumbai, India) and the change in volume of the powder column, V~N~, was noted after tapping. The compatibility and cohesiveness of CA, PMs and SDs were evaluated using numerical constants obtained from the Kawakita plots based the Kawakita equation, which is used for assessing the flow properties of powders as per the equation, N/C=(N/*a*)+(1/*ab*)...(3), where *a* and *b* are constants; *a* describes the degree of volume reduction at the limit of tapping and is called compatibility; 1/*b* is considered to be a constant related to cohesion and is called cohesiveness, *C*. The degree of volume reduction was calculated from the initial volume (V~0~) and tapped volume (V~N~) as in equation C=(V~0~-V~N~)/V~0~...(4).

Numerical values for constants *a* and 1/*b* were obtained from the slope of plots of N/C versus number of taps N (N=10, 20, 30, up to 300).

Powder X-ray diffraction study: {#sec2-10}
-------------------------------

Powder X-ray diffraction (PXRD) patterns were obtained at room temperature using a XPERT-PRO-MRD (PANalytical, Netherlands) with a Cu anode and a graphite monochromator, operated at a voltage of 35 kV and a current of 20 mA. The samples CA, poloxamer 188, F6 and F8 were analysed in the 2θ angle range of 5-50°, and the process parameters were set as scan-step size of 0.02° (2θ) and scan-step time of 25 s.

*In vitro* dissolution test: {#sec2-11}
----------------------------

The release of CA from PM and SDs was determined using USP dissolution tester TDT-06L (Electrolab, India) at 50 rpm. Dissolution was examined using 900 ml of SGF without enzyme and the temperature was maintained at 37±0.2°. Samples each containing 5 ml were withdrawn at 5, 10, 15, 30, 45 and 60 min intervals, filtered through a 0.45 μm membrane filter and replaced with an equal amount of fresh dissolution medium. Samples were then suitably diluted and analysed for CA content spectrophotometrically at 280 nm. The release studies were conducted in triplicate. The dissolution profiles were evaluated for amount of drug released in initial 15 min (Q15 min) and time taken to release 50% of the drug (T 50%).

The percent dissolution efficiency (%DE) was also computed to compare the relative performance of various concentrations poloxamer 188 and Neusilin US2 in the formulations. The %DE of a pharmaceutical dosage form is defined as the area under the dissolution curve up to a certain time, t, expressed as a percentage of the area of the rectangle described by 100% dissolution at the same time.\[[@ref20]\]

The dissolution data of CA, PM and their SD were also analysed as per Hixson-Crowell's cube root equation. Hixson-Crowell introduced the concept of changing surface area during dissolution and derived the 'cube-root law' to nullify the effect of changing surface area and to linearize the dissolution curves. Hixson-Crowell's cube root law is given by the following equation.
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Stability studies: {#sec2-12}
------------------

Formulation F8 was subjected to stability studies for a period of 6 months as per ICH guidelines at 40°/75% RH conditions in a humidity controlled oven (TH90 S/G, Thermolab, Mumbai, India). The samples were withdrawn at 0, 3 and 6 months and evaluated for appearance, drug content and *in vitro* drug release. Stability of the optimized formulation (F8) stored under similar conditions was also evaluated by DSC and FT-IR. The samples were withdrawn at 0, 3 and 6 months and evaluated for effect of storage on drug polymer interactions by DSC and FT-IR study.

RESULTS AND DISCUSSION {#sec1-2}
======================

Infrared spectra of CA as well as its SDs F6 and F8 are presented in [fig. 1](#F1){ref-type="fig"}. CA alone shows two carbonyl absorption bands at 1681 cm^-1^, assigned to amide carbonyl stretching. There were two absorption peak at 3483 cm^-1^ and 1778 cm^-1^, assigned to secondary N-H stretching vibration and a C=O stretching of vinyl ester, which remained unchanged in case of SDs. Hence there is no interaction between CA and excipients used in the present research.

![Fourier transform infrared spectra of drug and formulations. FT-IR spectra of pure drug cefuroxime axetil, solid dispersion formulations F6 and F8.](IJPhS-75-67-g004){#F1}

[Fig. 2](#F2){ref-type="fig"} represents the DSC thermograms of CA, poloxamer 188 and SDs of CA (formulation F6 and F8). The DSC thermogram of CA exhibited a broad exothermic peak at 237.71° (ΔH~fus~) with onset at 202° and latent heat of fusion (ΔH~fus~) was found to be 49.92 mJ, indicated the amorphous nature of the drug. Whereas, the DSC thermogram of poloxamer 188 exhibited an endothermic peak at 55.46° with (ΔH~fus~) -378.39 mJ. However, the DSC thermograms of F6 showed similar exothermic peak at 246° with increased (ΔH~fus~) 105.8 mJ. Formulation F8 showed exothermic peak at 237.9° with higher value of (ΔH~fus~) 681.46 mJ clearly indicated the formation of SD and the drug is in the amorphous state. This also suggests that the drug might have formed complex in the carrier during thermal analysis.\[[@ref22]\]

![Differential scanning calorimetry (DSC) thermograms of drug and formulations.\
DSC thermograms of cefuroxime axetil, poloxamer 188, solid dispersion formulations F6 and F8.](IJPhS-75-67-g005){#F2}

The phase-solubility diagram investigated in distilled water was linear (r^2^=0.984) with respect to the increase weight fraction of the poloxamer 188 (0, 0.25, 0.5, 0.75 and 1% w/v) indicating the solvent properties of poloxamer 188 for CA, giving AL type solubility diagrams ([Table 2](#T2){ref-type="table"}). The values of the stability constant depend on slope values. The greater the value of the slope, the greater is the capacity of the polymer to solubilize the drug. The stability constant values vary slightly with poloxamer 188 concentration. These results agree with the well-established formation of soluble complexes between the water-soluble polymeric carriers and poorly water-soluble drugs.\[[@ref23]\] Increased solubility may be due to the improved wettability of the CA particles in aqueous solution of Poloxamer 188.\[[@ref24]\] [Table 2](#T2){ref-type="table"} presents the values of the Gibbs free energy associated with the aqueous solubility of CA in the presence of poloxamer 188. The ΔGtr° values are all negative for poloxamer 188 at various concentrations, indicating the spontaneous nature of solubilization.\[[@ref25]\] Gibbs free energy decreased with increase in concentration of poloxamer 188 demonstrating that the reaction became more favourable as the concentration of poloxamer 188 increased.

From the solubility data we can infer that there is a 12- and 14-fold increase in solubility of the CA in formulation F6 and F8, respectively ([Table 1](#T1){ref-type="table"}). The improved solubility of CA from SDs prepared using FM can be explained by the combined effect of surface activity, solubilisation and wetting effect of poloxamer 188\[[@ref26]\] whereas, the solubility of CA increased 2 more fold in formulation F8 prepared by FSAM. This is due to increase in effective surface area by Neusilin US2.

Drug content values (95-98.6%) ensured uniform mixing of CA, poloxamer 188, Neusilin US2 ([Table 3](#T3){ref-type="table"}). Although, SDs prepared by FM have the potential to enhance dissolution of poorly water-soluble drugs, but have some challenging factors like difficulty in pulverization and poor flow ability of SDs. The values of angle of repose, C. I and H. R for CA, PMs and SDs ([Table 3](#T3){ref-type="table"}) revealed that the flowability and compressibility improved significantly in F7-F10 formulations. Formulations showed that the SDs of CA and poloxamer 188 (F1-F6) were sticky with poor flowability. Addition of Neusilin US2 by FSAM helped in converting the poloxamer 188 based waxy dispersions into freely flowable SDs. This was attributed to high oil adsorption capacity, high specific surface area of Neusilin US2.\[[@ref27]\] Formulation F8 containing Neusilin US2, 50% of the quantity of Poloxamer 188 was found to be minimum quantity to achieve the desired flowability.

###### 

DRUG CONTENT AND MICROMERITICS PROPERTIES OF CEFUROXIME AXETIL, PHYSICAL MIXTURES AND SOLID DISPERSIONS
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The constants, a and 1/b, of the Kawakita equation for CA, PMs and SDs were resolved from the slope and intercept of the line plot of N/C versus N, are shown in [Table 3](#T3){ref-type="table"}. The lower value of a for the SDs by FSAM (F7-F10) revealed better flowability than CA, PM and SDs by FM (F1-F6). Whereas, lower value of 1/b for SDs (F7-F10) showed that it is less cohesive than CA, PM and SDs by FM (F1-F6).\[[@ref28][@ref29]\]

The PXRD patterns of CA, poloxamer 188, F6 and F8 are depicted in [fig. 3](#F3){ref-type="fig"}. The XRD pattern of CA showed absence of significant sharp peaks indicated that the drug is in amorphous state, which has agreement with DSC. The diffraction pattern of poloxamer 188 exhibited intensity peaks at 2θ values of 19.41° and 23.7°. However, the XRD pattern of SDs of F6 and F8 showed characteristic reduced intensity of peaks for poloxamer 188 due to presence of Neusilin US2 ([fig. 3](#F3){ref-type="fig"}) and no new intensity peaks were observed. The presence of Neusilin US2 could less likely promote the reversion of the amorphous drug CA to crystalline state on storage of the SD.\[[@ref15][@ref30]\] This confirmed that the CA is present in amorphous state in SD, and there was no chemical interaction of CA with functional excipients used. The presence of amorphous nature of CA in the prepared SDs ratified the solubility enhancement potential of excipients used for preparation of SDs.

![X - ray diffraction patterns of drug and formulations.\
Powder X - ray diffraction patterns of Cefuroxime Axetil, poloxamer 188, solid dispersion formulations F6 and F8.](IJPhS-75-67-g007){#F3}

As shown in [fig. 4](#F4){ref-type="fig"}, the dissolution profile of CA alone and that from PM1 is almost similar whereas PM2 the dissolution rate increase was not significant. This suggests that simply having poloxamer 188 and Neusilin US2 in the dissolution medium does not cause the dissolution enhancement of the drug. The SDs of CA by FM (F1-F6) and FSAM (F7-F10) has shown a significant enhancement in dissolution characteristics compared to pure drug CA and PMs. The time taken to release 50% of CA (T~50%~) was greater than 1 h for pure drug CA, PM1, PM2, F1 and F2 whereas lowest time was observed for formulation F8, F9 and F10 i.e., around 5.6 min. The percent drug released from CA at 15 min (Q15 min) was found to be 3.6%. As the proportion of poloxamer 188 increased in SDs prepared by FM (F1-F6), Q15 value increased from 4- to 18-fold. In order to further improve the dissolution and flow properties, Neusilin US2 was added by FSAM. The Q15 values showed 20, 23, 23 and 23-fold improvement in dissolution rate for SDs F7, F8, F9 and F10, respectively. This revealed that when the proportion of Neusilin US2 increased from 0.25 parts (F7) to 0.5 parts (F8), a significant improvement in dissolution rate (3 more fold) was observed. However, further increase in proportion of Neusilin US2 (F9 and F10) did not show any further improvement in dissolution rate. Hence, 0.5 parts was found to be the optimum quantity. This observation indicated the drug dissolution from all the SDs is occurring from discretely suspended or deposited (monodisperse) particles. This might have also contributed to the enhanced dissolution rate of the SDs.\[[@ref31]\] Correlation coefficient for Hixson Crowell's equation was higher for formulations F7-F10, suggesting that the rate of dissolution increased with time due to increase in surface area. DE at 15 min (DE15) of SDs (F6) prepared by FM was improved from 2% (CA) to 32.5% which was more than 16-fold increase. Similarly, DE at 15 min (DE15) of SDs (F8) prepared by FSAM was improved from 2% (CA) to 41%, which was more than 20-fold increase. The MDT for CA is 28.5 min; it decreased to 16.68 and 10.12 min for F6 and F14, respectively. The above data are shown in [Table 4](#T4){ref-type="table"}. This suggests that dissolution of CA from these two formulations was faster compared to other formulations. The observed enhancement in dissolution rate for SDs by FSAM may be attributed to the effects of poloxamer 188 and Neusilin US2. Poloxamer 188 increases dissolution rate by the combined action of surface activity, solubilisation and wetting effect.\[[@ref26]\] Simultaneous presence of Neusilin US2 increases the effective surface area over, which the drug is spread leading to rapid desorption of drug with exposure to dissolution medium.\[[@ref13]\]
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DISSOLUTION PARAMETERS OF DRUG, PHYSICAL MIXTURE AND SOLID DISPERSIONS
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Stability studies SD formulation F8 did not show any significant change in appearance, drug content and *in vitro* drug release at 30 min at *P*\<0.01 level. Hence, stability study for 6 months indicates that CA is stable in presence of poloxamer 188, Neusilin US2.

[Fig. 5](#F5){ref-type="fig"} represents DSC thermograms of optimized formulation F8 (0, 3 and 6 mo of storage at 45°C with 75% RH). There was no influence of storage time as well as storage conditions on the peak temperatures of this drug in the SD (F8). Adsorption of melt dispersions on to the surface of Neusilin US2 also helps in retaining the amorphous nature of drug.\[[@ref32]\]

![Differential scanning calorimetry (DSC) of stability sample. DSC thermograms of formulation F8 (0, 3 and 6 months of stability study).](IJPhS-75-67-g010){#F5}

[Fig. 6](#F6){ref-type="fig"} represents the FT-IR spectra of optimized formulation F8 (0, 3 and 6 mo of storage at 45° with 75% RH). Two absorption peaks at 3483 cm^-1^ and 1778 cm^-1^, assigned to secondary N-H stretching vibration and a C=O stretching of vinyl ester, which remained unchanged in 3 and 6 months samples. Hence in formulation F8, CA is stable under the above storage conditions.

![Fourier transform - infrared spectra of stability sample.\
FT - IR study of formulation F8 (0, 3 and 6 months of stability study).](IJPhS-75-67-g011){#F6}

Hence from the above research work, it may be concluded that a combination of fusion and surface adsorption can be used to enhance the dissolution of a poorly water soluble drug CA. Poloxamer 188 plays a significant role in enhancement of drug solubility and dissolution. The surface adsorbent, Neusilin US2, may be used to impart good flow and compressibility to SDs. Further Neusilin US2 also improves dissolution rate by increasing effective surface area. This combined approach of fusion and surface adsorption can be used successfully to improve the dissolution rate of poorly soluble BCS class II drug CA.
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